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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
memory device where dynamic storage is allowed by a 
memory cell of a simple transistor. 
SOLUTION: A memory cell MC of 1 bit comprises one 
MIS transistor formed at a floating silicon layer. In 
addition to a first gate 13 for channel formation which is 
provided between a source 15 and a drain 14 of the MIS 
transistor, a second gate 20 is provided whose electric 
potential is fixed for controlling the electric potential of 
the silicon layer 12 by capacity coupling. The MIS 
transistor dynamically stores a first data status wherein 
impact-ionization takes place near a drain junction to 
set the silicon layer 12 to a first electric potential, and a 
second data status wherein a forward current is allowed 
to flow the drain junction to set the silicon layer 12 to a 
second electric potential. 
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«*mua, rai;a»!-ts;nc 44 o" x-* 50 



10 

S:ttSi&tf«£lCH eyH»BLCMtt«4A (HI 
14) , 4 '1 M ^-^Sr^SatJ^iCttey hSSBL 
(CJEfMSSr^X.^ (0 1 5) o -ntC^O, "0" x- 

[0 0 3 3] EJt±<Dcfc3(CClC0»WiC«tSDRAM-feJU 

n {^^mm.mz^m^ntzyu-^^ >t/(D3 L ** 

Wr>fS^#«4MOS h^>^**£J: Office* 
4F2«)-t:;w-tJ-^x*<*SBl«T»*. yp 

[0 0 3 4] SOIiBft, ^OPy^^LS 

WlCctSDRAMU CLCD^ftSO I,ffljg(DP.v7^L 
S I <hOigi|8S:fT3«^JCt>^*^*aT**. 
y^*ffll^SE*©DRAM(i:SaO, Dy 7 ^LSI 

[0 0 3 5] MtC, ^0)58^:ck5SOIttit©DRA 
MH «(D1 h7>yX^/l+t/V>^i(7)DRA 
M^SO LWifit Ufc^lCjfc^T,. «*lfcEt8«»1* 

X^/l*t/ty^SC0DRAMSSO I «jg<fr* 

7 P— r-^ >{f<D#T<< iZfc—JWWmZtlT 
>zSX?<DL>$ ^MtfiTifi 0 , h 5 > i^X ^ (Dit 7*X 1/ 

[0 0 3 6] i i ilfCKM D R AM t;P 

,( o" , 44 1" <DL£\,mmj£m$: Erifztf*:^ 

< tnzfrtf*^v&mz£-DTmmztez>o z_cd&\z 
mLXi/*^\s-zsB>*n^tc®%:iz±z>£. v 

T-^m^&WZl&LT, »*ii*it»<7) "0" . 
" 1 " r-^©^f><H41l:lt^T, -¥-0^(0^-^ 



(7) 



ttlfl 2 0 0 2 - 2 4 6 5 7 1 



ffiMlTO 44 o " , 4 ' i " ^-5<Dir^A *tt*«t/h . 

[ 0 OflfcT ] TAW *&f*li; y--KSL* g =■ O r - 3 5 
Mm, ply'j3>ll 2t4J¥S#t S i =1 0 0 n 
m, 7d7-t^»flE**NA=5 X 1 Ol7/cm3T& 
0, V— X 1 4RtfFK >1 5©Kt-*K*«ND = 
5 X 1 0 20/ C m3, y-h»fti»*«tox=10n 

[0 0-3 8] 01 6H "0" t— ^(E 10 

LTl^) tc43#3y— MfiVg, KH>ifiV 

7I4RC'<* "1" t— ^S#ii^<h, -^CD^tf)^— ^ 

K^tt^y- htEVg, KH>iEVd, JBcZf^* 
«f>ftl£VB4iL/T^§o P^JtG-t 

«tmJEV t h 0 £ " 1 " T-^c7)b#^M^I±V t h 1 
£J!,££:&M;:, ^(DR^pa© >*8E I d s cfcy— h 20 

• y-:7lMEVg s &ffi< mi 8<D£olZti:Z>o 
fil, ^ir^^Hawt^^^^fiLSrW/L^O. 17 

Vds = 0. 2V<hlT^. 

[0 0 3 9] B18*6, "0" 
IlEVthOi: "l" «#jX^-fe;i;cDL#^fiimmv 
thltoSAVthH AVth = 0. 3 2Vi/^T 

Zfmi >7lZ&^T. "0" «^3A^fi^ (B#*Jt 3) (7) 
#f^tfi#VB = -0. 7 7V, "l"«#jA^a^ 30 

.6 2VT»*(Cl:»L l '■7 f -*««MX« (PWBTt 6) T 
*4, "0" ■»#ii*-fc^©#5 f >f«tt*«VB-=f- 2. 0 

6VT^D, f0MO. 44V«i:ftMBt e J:0/jN 

[0 0 4 0] CrOck^lC^jA^fi^fcJt^T, ^OW: 

2<tez>mm*s =-nmxt>nz>o on, y-h 

CltTftS. "0" »£j£*|6|g ( t 3 - t 4) Trt<4, 
KH>I4-1. 5VTW^ 44 1 " Cit&^iE^T 

BlctB^U y- h • *f-flllOSI#KfcLT, * 

?\ y-h • #x>rm«fi*<«ffiftLft^. 

[0 0 4 1 ] y-h*ffi*Ttf*&»SctO*tCKU-f > 
tfi*2 0 0mVl:Ut7htnH ±}$Lfc7>rty 50 



_ 1 2 

"o M »*a*tfrofc-fc^Ttt. ?^^;i/*^^$n 
fcttsiT k u-f >®ge#±# lt 3 mmmmz^zmm 

ffiMnz; ••f UT/ 1 *' 44 0 «*5&*fc£' DW^STlf-fc* 

<d#t<< t<Dm<D^mm^\z^o±^-LxLm^, 

[0 0 4 2] -5 mg&fr'&<DmM t 4 - t 5 

(Dm-?. t^B H K > t #r-f t <OBO p n It 

44 1" x-^0)fi#a*»6t"^«CfPffl-r*^<!:T* 

-So 

[0 0 4 3] -tdT£<0*WC*-v>Ttt, ±IB**DR 

-h (Si^y-h) tttgij^, £^fi 
jB^jcfcoaffiwiBi-rsfcftwy— h «2(Dy-h) 

§ffi*«#-r*fc«>K:te, g§ 2 coy- hffiiJ<D«BS^® 

;p©»^T*n»i, jcH^f ntfctvn 

14* »2<&y— mc, S2©y— hflj<o^ffid<stefB** 

[0 0 4 4] l^m<DWmi] 019H d(7)^aj(7D^ 
jSfi©»ffiJCj:^DRAM-fe;H»ifiS:, HltC^$i±T 

^ Jim m& ft?m ioy-h 1 3tttgij 
*nxi>.*jfliT**. iM^wicy- M&«et 1. 9 »a.: jb 

lwy-M 3«<&y-h»*«l 6<fcHi;MJPi:-r 

[0045] ^©t^Ti/^MTH atiawr* 
^2<7>y- h 2 ottcintafcfrf aESitLT 

IBIS^ti^o »2©y- h 2 0 tc»4, ^JA«^(^>H^m 

[0 0 4 6] [Hlfi(Z)»ffi 2 ] (H 2 0 14, ffl<D&m<DJ& 
ffiJC^^DRAM-t^flSifiTabSo 121 1 9 <7)^16<Z)Jg 

!8tll«cr}e:«)*«a>»!BT»4; »2<Dy-h2 0f4, 
#A*-f Scko^^iloy— h (A 7 ^yi/-h) it, 

TiHSs^n^o c: t-rntf, ^2^y-t>2 
otsi coy— hi 3 ©fig^few^sT* 0 , sijg 

[0 0 4 7] ±IBLfe*]!i(DJgSll ( 2 (DD R A 

MirJKco^T> ^(CS^D R AM-b;KCOl>Tfrofc 
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[0048] g2Ki ;: 0 " r-^»^&^<b, 

LW§) £45*t*y— HfiVg, FK>tfiV 

d, Rtf^**^*-?.* (DlfiVB^^LTl^o 0 2 10 

^f>fiJJVB^lTl^. 

[0 0 4 9] B2 1ROT2 2Ki5^T, "0" 
^B*£ (Hf&J t 3) W^1WVB = - 0. 82 
V, "1" »#j£*E!g<Z)#^«tea*VB=0. 84 
VT^O, 1. 6 6VT'»5. cntcjfu ^ 

-^««F«ffi (Wfftlt 6) "0" **j&*-fe;KB 

#5r>T 1WVB = - 1 . 9 8 V, " 1 " *€Tii*-fe;U 20 
C&tf^-f «te**VB = - 0. 8 6 VT^D, -€-<£>Mte 
1. 12Vt&om. cnti, 5fe^S$D R AM"tr 

[0050] B2 3I4, 01 S\Zttfc2^T. Pf *J t 6 
- t 7<B^-^tt*ffibft«M£;fe#£ u 0" ^r—$>(D L 

h 1 *&Z>rz*b\Z, ^r<Dmm<D K l/< >«« I d s t^r 
-h'V^lltffVgs^LTl^. -n^6, 30 
"0" ^-^CQb^lMfiSJEV thOt "1" "t — $><D 
L#lMifi«BEV t h KOiAV thlt A V t h = 0 . 

T> "0" , "1" f-^0)PlT^^a:fi^iW#6n 

[0051] I2 4H HI 9«)DRAMt;H»ifiS:ffl 

H25tt024©A-A' &tfB-B' WffiTfe 
§o SSKD^-h 1 3*«7-H»WL 1 cbLT-^f^ltC 

mwtmzB&Lzn. cmtc^^LT, »2©y-h2o 40 

t)7-K8WL 1 £MfTT£7-K«|WL 2 drLTSEIg 

sns, fib, 7- FiwL 2ttgaai<Dj:'5(c«<a[H^ 

RAM-fe;K7)a^<tRHHT*0» 4 F2©-fc;UH«t* 
[0 0 5 2] ±i$Oct^{C, D RAMtW^T'f 
ffiSH^-r^Clii^ckO, "0 M , " 1 " ^ 0>Ph5T? 
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:nn -fe;uTK0)*"eaiRW^ "o" V 

^-t^CD^-^m^^TCD^T 1 ^ "0" 

[0 0 5 3] IP^,, tfy h«»C*ai»«SnTl>SDR 
Sftfct^T "0" ^-^£«<«£\ 11 1 " =r-^ifi 

[0 0 5 4] JBl±00r<h^b, *l-<oy-h4:JB2©y 

- bcorv^jutfy** iztt-rz>®&tg<et(D±&2&mm 
ftm\zmj£~tz>z.£&i&mztjLZ>o ^(Bfc&tcn w>2 

(Of— h20chy'Jn>I12 <Dffl<D& 2 (D^ — bt&B 
mi 9<DmJm&, aioy-M3ti/'j3>112© 

raa>ss i coy- Mfijut 1 6 (Dmrntomm-nmrnitr 
n&&\,\ c<D&&^m%LfrmM<DMm : £&sT\zmw 

[0 0 5 5 ] [mffi&mm 3 ] 02 6H 
OMODRAMWilS:, 0 1 9 tC*HESitT* L 

«<oy— bmmm i 6tm2 coy- b 2 0 <Mcoy- 
% 1 coy- h 1 3 «<oy- hffi^Bi 1 6 comm 1 

2. 5 nmlCjtLT, ^2<7>y- h 2 0#J<£>y— FSfeg: 
Ml 9£3'7. 5 nm<hJP< LT^S. 

[0 0 5 6] ^OOfi&O-rVW 7,&ft'%9c(D^m(Dmm<D 
m-££m£tl>T. *<D*^\s--z/3>f&M$:m2 7R 
^I2 8l:^f 0 fib, y-K«liffi (Vg) \*9c<Dn 

V, ^-*«l#(fi*<Z>L U^jUS- 0. 5V(tLTt^. 
132 7TH *#ii^it«^e)©«fi[^fb^^bT^ 

<DW\<D-t)l<D K K >««t I d s h®J£ V g s CO 

[0 0 5 7 ] g)29 coSSm^^>> "0" ^-^<h 41 1 " 
?<DLg^mMJ£<DmZ. AVth = 0. 6 2VT 

»4/hS<a:«>**, S 1 <0^- hffi'JCD^M^ffl^M(C^2 

^sut, mm<Dmfc&*jmizuz> 9 stz. 7-k»« 

[0 0 5 8] [ftlKO»tt4] 03 011 m<D&M<M& 
m tCJ: -5 D R AMir ;U7 U-f CO U-f 7 O h^fjkL. H 3 
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_ _ ._ _ _ J.5 

lte-^CDA-A' il^LTt^o CC&T*<DmM<D 

^^J^^m^^V' V>tt»>S S GT 5 (S-tJ*^ roHrti d- 
ing 'Gate Transistor) tflig&ftjjfl 

[0 0 5 9] y'j3>S^l OCtl R I E iCcfc 9 > if 

-?Z>3:o\Z, ^l coy-h 1 3£|g2<£>y-h2 oa«» 
i££tt£o mi coy- hi 3i^2^-h20H El 

&&&nz>o mi(Df-h 1 3tt, IBJiiaL/CDftWJwci: 

3 o©F^icc:ne^^T^i3«ca*jisn^o §§ 
i, »2oy-M3; 2 o a-tn-eti, fgi, ^2^ 

[0 0 6 0] ttty'J3>3 0©±Ii:nIKH>tS 
*:S^^£U-ir;UMC^«fiJc$n^, y— h 1 3, 2 0 rt* 

[0 0 6 1 ] [Sljffi© Jgffi 5 ]- B 3 2 »4, Jg{CSU<£>SiS£ 
<B»8ifc:<fc#DR AM-ir;m>ii*v HI 1 9«l,>ttB2'0 . 

m<Di'Vn>mikmi r£%< ux^fcns^s^y , 

ScLTun^2 ©y- h 2 0 d<0*ifi<B 

[0062] ^^^wnffi^Mtn si©y-h 40 

<h|g 2 coy- h <h tt¥Wflc»S:«/uT?#lRir*J; 5 JClB 
ILT^, If]^, 019, 02 0, 0 3 2<DMM<DM 

Mm*. S/U3>li 2a)±Ti:SiWl2©y-h 
1, 2,0£i2BU 03 0. B3 1(D$l0iim 

My'Jn>(7)3 OCDM^Wtcmi RtX|g2coy- h 1 
3, 2 0*SSlWSo L*l/*1, »2©f-h(D 

&m\tzn(D<D&m<DMm\zm%nu\,*. mx\t. m\z 
(c * ^ u -t ju£#isrr zm^ftmmmzm 2<n?-v$: so 



1.6 . 

[0 0 6 3] 

4F2£/J*£<-TS;iirt*T*a. h7>vX^0V- 
Z>o h7>y^^^f^ (C*ffpl-r^^2(7)y— hi* 

"o" , "i" 5 ; -^oL#^««jEis&**<'rac 

[Bffi^fS^^itt^] 

[01] d colg^tc J: -&DRAMir;U<D«^jg^^-r 

[0 2] |gDRAM-fe;KD«pffi|3KTffe-5- 8 

[03] fWJDR AMCD^^V-izJlsT U--f CO U — T hT 

[04] 0 3 (DA — A 1 StfB-B' *i®l3T*£>. 
[0 5] HDR AM-fe^KD? — K«S^{4<b AJU^m&CD 

[06] mDRAM±)i,<DmfritiLtt&mw?zrci!b 

CD0T£>£ o 

[0 7] I^DRAMirJU<^ft!iO^^tBL7j^;^lffi0J-r^ 
[08 J.RDRAMW "1" a"— *R*tBL/U 7k> 

[0 9] R|DR*AM<B "O," 5 s — *B£*tBU/U 7 
ya(DM»^tat$)'§o 
[010] fWJDRAMCTD " 1 V ^— ^M^tBL/- "0" 

[01 1] I^IDRAMCO "0" 5*— &Wt&ltiL/ "1" 

[012] I^DRAMCOte^^ttSLTjS:!'^^ "1" 

[0 13] WDRAM<OflS(bK*aJt^aei:-5 "0" 
5 s - ^ S! * m L / ■ J 7 U ^ > a. 06 ©j f£ & M £ jj^r B T & 

[0 14] raDRAM(Dffi<DK*ttJL*S:^ctS "1" 

[015] I^DRAM<Z)fl!l©K*liiL*S:JC«t^ "0" 

[0 16] |t|DR AMir;UCO "0" #^jA^/^ffiL 
Oy$al/-y 3 XcJ: %>i£"r << m{4iCfb^^T0T& 
^> 0 
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[HI 7] miDRAMt^© 44 1 " ihfr/Wt ^UJl> 

-[01 ■S]-RI^5-a.l^->'.a >!£•<£-& 44 0" " 1 " ^ 

[Ell 9] C©*W©*tt©*»»w«t*DRAM-feJU«) 
[H2 0] ffi©*Jfi<0*i8»Cct*DRAM-fe;U©»jfi* 
[0 2 1] HDRAMt;!/© "0" «£&*/S!*ttiL 

[02 2] |s]DR AMizJl/tf) "l" S^a^/K^ajL 

[02 3] va >tC<k* "0" , "1" x 



18 

[02 6] ^©IIJficOJgffilCiSDRAM-fe^tfliSS 
- [0-2 tfrh pqJD R Alvi tvi O " 0," m>g&&Sffi'&i&L* 

[02 8] |WJDRAM1rJi/tf) ■ -" 1 " «^iA^/M^ttiL 

[02 9] WS'SiU— >C±5 "0" , "1" -x 

[03 0] ft6o*ifia)jgS8tc:ckSDRAM-fe^*fflv^ 
-ir;UT!x-r hTr&^o 
[03 1] 03OCDA-A' WrffiHT**. 
[03 2] ffi(D^J6<7)»ffi{cJ:SDRAMir;U(DMjg* 

10-yU3>SE 1 1— >UD>|fcfb«| 1 12-p 



[02 4] 019©DRAMtMfflt>fct;l/7KO ' 20 iy'J3>l, 13- 



1 K 1 4--- Klx-f >1 



[02 5] I24WA-A' &tfB-B' WitS * 



1 5-y-X«»I, 2 0-i2©y-h e 



II] 



12] 



[03] 



WL ( 

i ' 



HC 





-11 



—10 



[04] 
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1 


SL 

n 


-B 

L\ 4 j 


WL 


15 


X 


14 


WL 
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1 s 5 


^ A' 


y- 






>^ 
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H 
















V 








BL^ 
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14 










14 






















* 
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14 








BL~C 
























13 


u 




L^J 

13 




w 

13 




13 







[0 7] 



(a) 



(b) 
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ims) 



[B8] 




WfL 



1& 



I'read/rAaf resh 



t 
t1 




CVBL) C 

■ir 



t 

t2 



BL 




Cread/ref resh 



CH9] 



t 
tl 




t 

t2 




mi o] 



*1"read/"0"writo 




1 1] 



[0 12] 




BL 

2? 




t 

t3 
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[013] [H14] 



•"Crood/rsf rcah • .■ s . "1 r read/"0~wr i to • . jr. 




t4 



CHI 5] 

[016]. 

* r 0"read/"1""wr ite 




* n 



1 7 ] 



[0 18] 



"1 "write/read 




tCXO) t1(5ns) / t3(15ns) / t5(25ns) ( t7(35ns) 
t2(10ns) t4(2Dns) t6(30ns) 

ft n 



2 
-s 



Drain Current(W/L=0.175um/0.35um)@Vds=0.2V 



5.00E-0.6 
4.50E-0.6 
4.00E-0.6 - 
3.50E-0.6 
3.00E-0.6 
2.50E-0.B 
200E-0.6 
1.50E-0.6 
1.00E-0.6 
5.00E-07 
0.00E+O0 
-5.0DE-07 



1 



• Ws("1- x-*) 



1.2 



1.4 1.8 
Vgs [volts] 



1.8 



(13) 



mm 2 0 0 2 - 2 4 6 5 



IM2 0) 




19 20 



M 0 "write/read 
3V 



2V 
1V 

* ov 

-1V 

-2V 
-3V 



12 1 ] 




j V ■ h H — 1 ■ 1 

tO(0) t1(5ns) ( ! t3(15ns) ( t5(25ns) ( t7(35ns) 
t2(10ns) t4(20ns) t6(30ns) 

* n 



"1 "write/read 
3V 
2V 



1V 

I ov 

-1V 
-2V 
-3V 



. S v 

12 2] 



1 ♦ + 





"" 
















Vg- 




















L -J 










VB 





































t2(10ns) t4(20ns) 

1 i* ra 



t6C30ns) 



[02 3] 



12 4] 



Drain Current(W/L=3.5um/0.1 75um)@Vd6=0.2V 



1.80E-O5 
1.60E-O5 - 
1.40E-05 
1.20E-05 
„ 1.00E-05 
^ 8.00E-O6 
- 6.00E-O6 
4.00E-06 
2.00E-O6 
O.OOE+00 
-2.00E-06 



1 1.5 2 2.5 

Vgs [volte] 



♦ IdsC O" t 2 -*) 
•IdsCl" 7? — 



A 

M 

BL' 



BL 



L 



BL 



1 



BL 



■-£ 



WLt 
1R WL2 



14 



:x 



14 



WL1 WL1 WL1 
VVL2 15 WL2 WL2 1g 

r^-i / rtii4ri-i / 



13,20 **B' 13 20 



X 



X 



14 



13.20 



13,20 



A' 



^18 



~^-18 



± 



18 
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12 7] 



12 8] 



M 0"wrtte/read ^ h»T 

3V 




- -Vd 



tO(Ons) ( t2(10ns) 

t1(5ns) 13(1 5ns) 



t4(20ns) 



M 1 ^write/read h 
3V 



2V 
IV 

r 0V 

E 

-IV 
-2V 
-3V 









V-Vg 






























\ 

N 












VB /■ 








n 


























i 



tO(0) t1(5ns) 



t2(10ns) t4(20ns) 
B* H 



t6(30ns) 



[03 0] 



[02 9] 

Drain Current(W/L=0.1 75u/0.35u)®Vds=O.2V 
7 00E-06 
6 OOE-06 
5 GOE-06 
g| 4 00E-08 
.g 300E-06 
2 00E-06 
1 00E-08 
0 OOE+00 
-1 OOE-06 

16 2 0 2 4 
Vgs [volts] 




♦ IdsrO" y--?) 
-Ids("l " 



WL2 30 WL1 WL1 30 WL2 30 WL1 

r 2 n n t ri L r " 



BL 



BL 



BL 



A f 



30 



30 



30 
l 



20 



13 



30 



T 



30 



30 



A' 
.J 
-18 



•£-18 
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[03 1 ] [g|3 2] 




(5i) int. ci. 7 mmn f i t-^-k 

H 0 1 L 27/10 6 8 1 E 

F*-A(#%) 5F083 AD02 AD06 AD69 GA09 GA11 
HA02 NA01 ZA19 
5M024 AA37 AA58 AA70 BB02 BB35 
BB36 CC20 CC22 CC70 HH01 
HH13 LL04 LL11 PP03 PP04 
PP05 PP07 PP09 PP10 



